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SUMMARY

A wind-tunnel investligation hes been conducted to determine the
effects of wvarious wing-fence arrangements upon the longitudinal charac-—
teristics of several wing-fuselage and wing-fuselage-tail combinations
having sweptback wings with NACA four-digit thicknesa distributions.

Tests were made with the wing swept back 40°, 45°, and 50° and with a
horizontal tail at several taill heights. The tests were conducted through
an angle-of-attack range at Mach numbers of 0.165 and 0.25 at a Reynolds
nuwber of 8 million, and at Msch numbers varying from 0.25 to 0.92 at a
Reynolds number of 2 million.

The addition of multiple fences to the wings with the tall off elim-
inated large changes in longitudinal stebility up to 1ift coefficients in
excess of 1.0 at low speeds, an improvement of as much as 80 percent over
the values obtained with the fences off. AL high subcritical speeds, the
fences eliminated large changes in the stgbllity of the wing-fuselage-tail
combinations up to 1ift coefficlents of at least 0.80, an improvement of
as much as 60 percent over the 1ift coefficlents for instsebility without
fences. The fences haed little effect on the tail contribution to the
stabllity. The fences increased the drag of the wlng-fuselsge combinations
moderately at low 1ift coefficlents, but reduced the drag and increased the
lift-drag ratios at the higher 11ft coefficients. The Mach numbers for
drag divergence were Increased slightly by the fences; however, the corre-
gponding drag coefficients were higher than those at the divergence Mach
numbers without fences.

The effectiveness of the all-moveble stabllizer as s longitudinal
control was little affected by Mach number. Ralsing the horizontal tsil
above the fuselage center 1ine as much as 20 percent of the wing semispan
had 1ittle effect on the tail contribution to stability, but did increase
i1te effectiveness as a longltudinsl control at low values of 1ift.
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INTRODUCTION

The serodynamic characteristics of wings sulteble for long-range air-
planes designed to fly at relatively bhigh subsonlc speeds have been the
subJject of an investigation in the Ames 12-foot pressure wind tunnel. A
serles of twisted and cambered wings of relatively high aspect ratlio were
tested with several angles of sweepback and the results are presented in
reference 1. All these wings experlenced a severe decrement in longltudi-
nal stabllity at moderate 11ft coefficlents due to the onset of stalling
over the outer portions of the span. The resulis in reference 2 indicate
that the stebllity characteristlics of such wings could be improved by the
use of chordwlise fences. Therefore, the present phase of the investigation
was directed toward the development of wing fences which would delay stall-
ing to higher 1ift coefficlents and would possibly eliminate the instabll-
1ty which usually accompanied the stall. The wings of reference 1, with
NACA four-digit sections perpendicular to the quarter-chord line, were
tested with sweepback angles of 4%0°, 45°, and 50° in cowbination with a
fuselage and varlous fence configurations. The fences were systematically
varied in spanwlse position, number, and chordwise extent to establish for
the various wing-fuselage combinations the fence configuration which
afforded the greatest improvement in stability.

The wilng-fuselage comblnetlons with and wilthout their most setisfac-~
tory fences were then tested with a horizontal tell to determine the
effectes of the wing fences on the tall contribution to stability. The
angle of incldence and the helght of the horizontal tall, which was all=-
movable, were varied for the combination employing wing fences and the
LO® gweptback wing to evaluate the longitudinal characteristics of the con-
figuration and the control effectiveness of the horizontal tall at each
height. The effects of varying taill height on the stability of the con-
figurations using wing fences and wings with 45° and 50° of sweepback were
also determined.

The tests to determine the most satisfactory fence configurations were
conducted primarily at a Mach number of 0.417 and a Reynolds number of
approximately 4 million. The longitudinal cheracteristics of the various
combinations with the best fences were then meassured at Mach numbers of
0.165 and 0.25 at a Reynolds number of 8 million and at Mach numbers fram
0.25 to 0.92 at a Reynolds number of 2 million. The 1ift and pitching
moment of the isolated horlzontal tall were alsc measured over most of
these Mach and Reynolds number ranges.
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aspect ratio, o5

mean-line deaignation, fractlon of chord over which design
load is uniform

lift~curve slope of the 1solated horizontal tail, per deg
lift-curve slope of the wing-fuselage combinations, per deg

lift-curve slope of the wing-fuselage-tail combinations,
per deg

wing semispan perpendicular to the plane of symmetry

drag coefficient, EEEE

1ift coefficlent, lﬁgz

inflection 1ift coefficient, lowest positive 1ift coefficlent

at which SR - 0.10
dcCs,

pltching-moment coefficient dgbout the quarter point of the

wing mesn aerodynamic chord, pitchizgg> ent

local wing chord parallel to the plsne of symmetry

wing root chord

wing tip chord

local wing chord perpendicular to the wing sweep axis
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section deslgn lift coefficient

Incidence of the horlzontal tall with respect to the root
chord of the wing with 40° of sweepback

lift-drag ratio

tall length, longltudinal distance between the quarter points
of the mean aerodynamic chords of the wing and the horizontal
tall

free-stresm Mach number

free-stream dynamic pressure

Reynolds number based on the mean aerodynemic chord
grea of semispan wing

area of semispan horlzontal tail

maximum thickness of section

horizontal-tall volume, §§zt

distance from the intersection of the leadling edges of the
wings and the plane of symmetry to the moment center, meas-
ured parallel to fuselage center line

lateral distance from the plane of symmetry

wing helght from the quarter point of the mean aserodynamic
chord to the fuselage center line, measured in a plane
parallel to the plane of symmetry
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div

angle of attack, measured with respect to a reference plene
through the leading edge and the root chord of the wing
with 40° of sweepback

angle of attack of the isolated horizontal tall
effective aversge downwash sngle

angle of twist, the angle between the local wing chord and the
reference plane through the leading edge and the root chord
of the wing with 10° of sweepback (positive for weshin and
measured in planes parallel to the plane of symmetry)

fraction of semispan, L
b/2

tail efficiency factor (ratio of the lift-curve slope of the
horizontal tail when mounted on the fuselage in the flow
fleld of the wing to the lift~curve slope of the isolated
horizontal tail)

angle of sweepback of the line through the quarter-chord
polnts of the reference sectlons

taper ratlo

Subscripts
divergence
fuselage
wing root
horizontal teil
wing
MODEL

The wing-fuselage and wing-fuselage-tall combinatlions investigated

(fig. 1(a)) employed the twisted and cembered wing of reference 1 which
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had NACA four-diglt thickness distributions. These dlstributions of - "-
thickness were combined with an a = 0.8 modified mean line having an -
ideal lift coefficient of 0.4 to form the sections perpendicular to the »

quarter~chord line of the unswept wing penel. The thickness-chord ratios
of these sections varied from 1k percent at the root to 11 percent at the o
tip. _ _ T

The wing was constructed of solid steel and the surfaces were pol-
i1shed smooth. Tne angle of sweepback of the wing could be adjusted to
40°, 459, and 50° without changing the longltudinal position of the guarter . . .. .
point of the mean .serodynamlc chords, thus meintaining constant tail -
length At 40° of sweepback, the wing had an aspect ratio of 7.0; at h5 o
and 50 of sweepback, the aspect ratlio decreased to approximately 6 and
5, respectively. Twist was introduced by rotating the streamwise sections -
of the wing at 40° of sweepback gbout the leading edge while maintaining
the projected plan form. The varlations of twist and thickness ratio
along the semispan are shown in figure 1{b) Ffor angles of sweepback of
40°, 45°, end 50°. A more complete description of the wing is given in
reference 1. The wing-fuselage comblnations using the wing at the various
angles of sweepback are regarded as three individual configurations and
are referred to herein as the 40° combination, the 45° combination, and
the 50° combination. .

. The fuselage employed for these tests consisted of a cylindriecal mid-
section with gimple falrings fore and aft. Coordinates of the fuselage are -
listed in teble I. The fuselage had a fineness ratio of 12.6 and was

located with respect %o the wing so that the upper surface of the wing

wag nearly tangent to the top of the fuselage at the plane of symmetry. L 4
(See fig. 2.) The angle of incidence of the wing root with respect to the
fuselage center line was approximately 3°. The fuselage was constructed

of aluminum bolted to a heavy steel structural member.

The model was tested with several combinstions of streamwlse boundary-
layer fences on the upper surface of the wing at each angle of sweepback.
The fences were varied in spanwise position, number, and chordwise extent.
The forward portions of the fences which extended from the lower surface
around the leading edge of the wing to 0,10 chord and the rear portion of .
the fences which extended from 0.75 chord to the trailing edge of the wing
could be removed to effect the change 1n the chordwlse extent of the
fences. Detaills of the fences and their locations on the wings are shown
in figure 2.

The all-moveble horizontal tail had an aspect ratio of 3.0, a taper
ratio of 0.5, arnd 40° of sweepback. The reference sweep line was the line
Joining the quarter-chord points of the sections which were inclined LO°
to the plane of symmetry. The horizontal tall had no dihedral and its
incidence axis (53.4 percent of the tail root chord) was not swept. This
hinge axis was elther at the intersection of the fuselage center line and .
the plane of the wing root chord and leading edge or above this intersectlon
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as shown in figure 1(a). Tail volume varied from 0.497 for the configu-
ration with 40° of sweepback to 0.436 for the configuration with 50° of
sweepback. The tail was constructed of solid steel and the surfaces were
polished smooth.

A photograph of the model mounted In the wind tunnel is shown in
figure 3. The turntable upon which the model was mounted was directly
connected to the balance system. Figure 3 also shows the manner in which
roughness was applied on the upper surface of the wing at 0.10 chord with
a band of 60 grit carborundum particles.

CORRECTIONS TO DATA

The data have been corrected for constriction effects due to the
presence of the tunnel walls, for tunnel-wall interference originating
from 1ift on the model, and for drag tares caused by serodynamic forces
on the turntsble upon which the model was mounted. The constriction and
tunnel-wall interference corrections to the data for the tests of the
isolsted horizontel tall were calculated and found to be negliglible.

The dynemic pressures were corrected for constrictlon effects due to
the presence of the tunnel walls by the method of reference 3. These
corrections and the corresponding corrected Mach numbers are listed in
the followlng table:

Corrected Uncorrected Qcorrected
Mach number Mech number Qncorrected
0.165 0.165 1.002
.25 .25 1.003
.60 59 1.006
.T0 696 1.007
.80 .T93 1.010
.83 821 1.012
.86 .8L8 1.015
.88 .866 1.017
.90 .883 1.020
.92 .899 1.024

Corrections for the effects of tunnel-wall Interference originating
from the 1lift on the model were calculated by the method of reference k.
The corrections to the angle of attack and to the drag coefficlent showed
insignificant variations with Mach number and wing sweepback. The cor-
rections added to the datz were as follows:

3
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ACp = 0.00662 C12

The correction to the pitching-moment coefficient was relatively
unaffected by changes in the angle of wing sweepback; however, this cor-
rection had significant variations with Mach number. The following cor-
rections were added to the pltching-moment coefficients:

Alm(ta11 orr) = X1CLias1 ofr

oC
ACm(ta11 on) = KiClia11 off - [(chl.tail off - Aa) ET]:':I

The values of KX; and K, for each Mach number were calculated by the
method of reference 4 and are given in the following table:

M Kl Xz |
0.165 | 0.0025 | 0.72
.25 . 0027 .72
.60 .0038 < Th
.70 .00L3 .76
.80 .00Lg .79
.83 .0050 .80
.86 .0053 .83
.88 .0054 .84
.90 .0056 .86
.92 .0057 .88

Since the turnteble upon which the model was mounted was directly
connected to the balance system, a tare correction to drag was necessary.
This correction was determined by measuring the drag force on the turntable
wilth the model removed from the wind tunnel.

TESTS

The wing-fuselasge and wing-fuselesge-tall comblnations were investi-
gated with the wing swept back L40°, 450, and 50°. Tests were conducted at
& Mach number of 0.417 and a Reynolds number. of spproximately 4 million of
the wing-fuselsge comblnatlons without fences and with varlous fence
arrangements to determine the most satisfactory fence configurstion for
each wing-fuselage comblnation. The longltudinal characteristics of the
wing-fuselage and wing-fuselage-horizontel-tail combinetions were then
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measured with the best fences at Mach numbers of 0.165 and 0.25 at a
Reynolds number of 8 million and at Mach numbers from 0.25 to 0.92 at a
Reynolds number of 2 million. The angle of incidence and the helght of
the all-movable horizontal tail were varied for the 40° combination.
Tests were also conducted with various tell helghts on the 45° and 50°
wing-fuselage combinstions. A limlted number of tests were made with the
wing fences removed from the wing-fuselsge-tall combinations and the 1ift
and pltching-moment characteristics of the isolated horizontal tail were
also determined. '

RESULTS

Results of tests to determine the most satisfactory fence configu-
ration for each of the wing-fuselage comblnations are presented in
figures 4 through 16. Figures 17 through 21 show the results of tests
of each wing-fuselage combinstlion with its most satisfactory fences. Sum-
mary plote showing the effects of Mach number on the inflection 1ift coef-
ficients Cg4y, the slopes of the 1ift snd pitching-moment curves, and the
drag coefficients of the wing-fuselage combinatlons with and without
fences are presented in figures 22, 23, and 24, respectively. Figures 25
through 27 compare the effects of Reynolds number on the wing-fuselage
combinations with and without fences. The effects of applying surface
roughness on the wings are shown in figures 28, 29, and 30.

The effects of the most satisfactory wing fences on the longitudinsl
cheracteristics of the varlous combinatlions with & horizontal tail are
shown in figures 31 to 3L4. Figures 35 to 37 show the effects of Mach num~
ber on the inflection 1lift coefficients, the slopes of the 1lift and
pitching-moment curves, and the drag coefficients of the wing-fuselage-
tail combinations with and without fences. The longitudinal character-
istics of the LO° combination with its best fences and s horizontal teil
at several heights and angles of incidence are presented in figures 38
through L41. The 1lift and pitching-moment characteristics of the isolated
horizontal tail are shown in figure L42. Figure 43 shows the variation
with angle of attack of the factors affecting the stability contribution
of the horizontal tail of the LO° combination. The variastions with Mach
number of the lift-curve slope of the isolated horizontal tail, the taill-
effectiveness parsmeter OCm/dit, and the factors affecting the stability
contribution of the horizontsl tail sre shown in Ffigures I+ to L46. The
effects of varying tall height on the 1ift and pltching-moment character-
istics of the 45° and 50° wing-fuselage-talil combinations are shown 1n
figures 47 and h8, and the effect of the horizontsl tall on longitudinal
characteristics of these combinations are shown in figures 49, 50, and 51
for a range of Mach numbers.
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DISCUSSION &

Fence Development

The design and location of the boundary-layer fences were based on
the flow studies shown in reference 1 and the results of the fence inves-
tigation reported in reference 2. The fences were deslgned to act as
physical barriers to prevent the spanwise flow of the boundary-layer air
indicated by the flow studles. Tests to determine the most satisfactory
fences were conducted with the tall off since the results in reference 5
indicated that reductlons in longltudinal stability with increasing 1ift
for a comparable configuration were primarily due to changes in the static
longitudinal stability of the wing-fuselage combination. T

Figures L through 16 show, mostly at a Mach number of 0.L417, the
effects of varying the pumber of fences, the. spanwlse location of the
fences, and the chordwlse extent of the fences on the longltudinal charac-
terlstics of the wing-fuselsge comblnations. The effect of the fences on
the inflection 1ift coefficlents? (fig. 22) of the various wing-fuselage
combinations was more a function of the number than of the chordwise
extent of the fences. The inflection 1lift coefficlents of the wing-
fuselage combinations were Increased only slightly by the additlion of sin-
gle fences (figs. b, 9, and 13). The largest inflection 1lift coefficients
for the three wing—fuselage combinations were with multiple fences on the
wings. Four fences provided the most satisfactory stebility character-
istics for the 40° and 45° combinations (figs. 7 and 11), whereas the
largest Ilmprovements in stability for the 500 combination were with three v
fences (figs. 14 and 15). ST

Varying the chordwise extent of the fences on the 40° combination did
not significantly change the effectiveness of the fences (fig. 8). Tais
was anticipated, since the flow studies reported in reference 1 indicated
that separation on the wings usually started behind the forward end . T
(0.10 chord) of the partial-chord fence. Slightly higher maximum 1ift R
coefficients were generally attained with the fences which extended ' S
around the leading edge; however, the inflection lift coefficients were

1Inflection 1lift coefficlent is defined herein as the 1ift coeffi-~
cient at which the slope of the pltching-moment curve equaled 0.10. Thils
value was selected because the fuselage was so destsbillizing that, even in
the absence of separated flow, the serodynamic center of the wing-fuselage
combinations was very near the guarter-chord polnt of the wing mean aero-
dynamic chord. Since 1t was not considered desirable to use a more forwerd
moment center for the computation of pitching-moment coefficient, the
inflection 1ift coefficient was arbltrarlly defined as the 1ift coefficlent
at which dCp/dCr, = 0.10. The values of inflection 1ift coefficient so -
obtained correspond very closely to those that would exist if the moment o
center were at 0.15 € "and C had its more conventlonal definition as .
the 1lift coefficient at which ~dCp/dC1, = O. .
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approximately the same with both types of fences (fig. 22). Removing the
rear portions of the fences (from 0.75 chord to the tralling edge) aleo
resulted in only small changes in the effectiveness of the fences, at
least .for the 40° combination et a Mach number of 0.417. The effects of
the fences on the inflection 1ift coefficients of the combinations are
summarized in figure 22.

The fence development program indicated that the installation of
geveral partial-chord fences (extending from 0.10 chord to the tralling
edge) resulted in the largest improvements in stabllity without excessive
drag penalties. For the 40° combination it was determined that partial-
chord fences &t 33, 50, 70, and 85 percent of the semispan provided the
best results; for the ﬂ5° conmbination, partial-chord fences at 25, k5,

65, and 85 percent were best; and for the 50° combination, partial-chord
fences at 30, 55, and 80 percent of the semispan were best. It is believed
that these fence configurations, whille possibly not the optimum for each
combination, were at least representative of the most effective arrangement
for improvement in the stabllity characterlistics.

Wing-Fuselage Combinations

Effects of fences at low speed.- Each wing-fuselage combination with
its best fences was tested at a Mach number of 0.165 and a Reynolds number
of 8 million. The results are shown In figure 17. The addition of fences
increased the 1ift and reduced drag at high 1ift coefficients; however, at
low 1i1ft coefficients the fences increased drag moderately.

large improvements in stebility resulted from the use of fences. For
the 40° combination the inflection 1ift coefficient without fences was
gpproximately 0.93; wilth fences a 1ift coefficient of 1.34 was reached
without any significant changes in stability. Similar results were
obtained with the 45° combinsation; the inflection 1ift coefficient without
fences was approximately 0.80, while with fences, a 1lift coefficient of
1.2k was attained without instebility. The 50° combination was tested at
low speed with both full-chord and partial-chord fences since the flow
gstudies of reference 1 indicated the possibllity of the leading-edge type
of flow separation. ILarge improvements ip inflectlon 1ift coefficient
resulted from the use of either fence configuration. The addition of
partial-chord fences increased the inflection 1ift coefficient from approx-
imately 0.63 to approximately 1.08.

Effects of fences at high speed.- The 1ift characteristics of the
various wing-fuselasge combinations with and without fences are shown in
figure 18 for Mach numbers varying from 0.25 to 0.92 at a constant Reynolds
number of 2 million. The addition of fences usually resulted in increased
1lift at moderately high sngles of attack. The effect of Mach number on
the lift-curve slopes of the combinations with and without fences is shown
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in figure 23. At the selected 1ift coefficient (0.L0) the fences increased
the lift-curve slopes of the 40° combination at Mach numbers greater than
0.80. The lift-curve slopes of the 45° and 50° combinations were increased
‘at all Mach numbers by the additlon of fences.

The drag characteristics of the combinations with and without fences
are shown in filgure 19 for the range of Mach numbers at which the tests
were conducted. Use of the fences resulted in moderate increases in drag
at low 1ift coefficients and appreciable reductions in drag at the higher
1lift coefficients. These effects of fences are also shown in figure 21
which compares the lift-drag ratlos of the configurations with and without
fences at several Mach numbers, and in figure 24 which shows the effect of
the fences on the varlation of drag coefficient with Mach number for sev-
eral constant 1ift coefficlents. The Mach numbers for drag divergence of
the combinations (defined as dCp/dM = 0.10) were increased glightly by
the addition of fences; however, the corresponding drag coefficients were
usvally higher than those at the divergence Mach numbers of the combina~-
tions without fences (fig. 24). These values are shown for the various
wing-fuselage combinations in the following table:

A = 400 A = 450 A = 500
M for dreg Cp M for dreg Cp M for drag Cp
CL divergence div divergence aiv __divergence aiv
[Fences|Fences| Fences| Fences| Fences | Fences| Fences| Fences | Fences| Fences | Fences| Fences
off on off on off on off on. off on off on

0.10]0.860 10.866 |0.0235(0.0258]0.880 |0.850 | 0.02k710.0280] ——- —— - —
50| .831 | .846 | .0288] .o3ei| .850 | .865 | .0314| .0350/0.865 |0.885 10.0385|0.0388
60| 800 | .801 | .0361| .0381| .763 | .819 | .okeo! .okhe] .83L | .868 | .0660| .058L

There 1s a posesibility that at leasgt part of the drag due to the fences at
the lower 1lift coefficlents was due to the exposed flange used in mounting
the fences.

Figure 20 shows the effect of fences on the pitching-moment charac-
teristics of the combinations at Mach numbers from 0.25 to 0.92. The
effects of Fences orn the variations with Mach number of the inflection
1ift coefficients and the slopes of the piltching-moment curves are shown
in figures 22 and 23, respectiyely. These data indicate that large changes

in longitudinal stability with increasing lift_gg@{f;cient vere eliminated
up to 1lift coefficients of at least 0.60 at practically all Mach numbers.
The largest improvements in stability occurred at the lower Mach numbers.
The degree of improvement In stebllity due to fences generally decreased
wlth increasing Mach number. The fences had only small effect on the
variations of the slopes of the pltching-moment curves with Mach number of
the 40° and 45° combinations at subcritical speeds. With further increase
in Mach number there was an abrupt increase in the stability of the com-
binations with fences. Fences eliminated the decrease in stability with

increasing Mach number indicated for the 50° combination without fences at
_ e

o -_aw
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Mach numbers below gbout 0.73. At the higher Mach numbers the effects of
the fences were similar to those shown for the 40° and 45° combinations.

Effects of Reynolds number.- The effect of increasing Reynolds number
from 2 million to O million at a Mach number of 0.25 is shown in figures 25
through 27 for the wing-fuselage combinations with and without fences. The
longitudinal characteristics of the combinations with fences were less
affected by increases in Reynolds number than those for the combinations
without fences. This effect is also evident in figure 22 which shows that
an epproximste doubling of Reynolds number st a Mach number of 0.417 did
not significantly affect the inflection 1ift coefficient of the wing-
fuselage combinations with fences. In comperison, inflection 1ift coef-
ficlents for the combinations without fences were increased as much as
25 percent by this incresse in Reynolds number.

An effort was made to simulate the effects of Reynolds number at
higher speeds by applying surface roughness at 0.10 chord on the upper
surfaces of the wings (fig. 3), and the results are presented in figures 28
through 30. Roughness did not effect any significant change in the effec-
tive Reynolds numbers of the tests. The roughness resulted in increases
in the pitching moments for low and moderate 1ift coefficients. This mey
have been due to applying roughnese to only the upper surfaces of the
wings. As expected, drag was increased considerably by the roughness.

Wing-Fuselage-Tail Combinations

Effects of wing fences.- The effects of fences on the longitudinal
characteristics of the wing-fuselage~tail combinations are shown in
figureg 31 through 33 vwhich compere for seversl test conditions the
fence-on data of figures 38, h9, 50, and 51 with the data obtained without
wilng fences. Thisg comparison shows that large changes in the stebility of
the wing-fuselage-~tall combinetion were eliminated by the addition of
fences up to 1ift coefficients of at least 0.80 at Mach numbers up to 0.80.
The plitching-moment contribution of the horizontal tail was not changed
significantly by the addition of the wing fences (fig. 34) which indicates
that adding fences caused little or no change in either the average effec-
tive downwash angle or the tail efficiency factor. The improvements in
the tail-on pitching-moment cherecteristics due to the fences were prime-
rily due to lmprovements of the longitudinal characteristics of the wing-
fuselage combination.

Figures 35 through 37 summarize the longitudinal characteristics of
the wing-fuselage-tail combinations with and without fences. The curves
shown for the fence-on condition are cross plotes of the data presented in
figures 38, 49, 50, and 51. - The variations with Mach number of the
inflection 1ift coefficients of the combinations are shown in figure 35.
Figure 36 presents for a 1ift coefficient of 0.L40 the variations with
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Mach number of the lift~curve and piliching-moment-curve slopes, and
figure 37 shows for several 11ft coefficients the variation of drag coef-
ficient with Mach number. At suberitical speeds, inflection 1lift coeffi-
cients of at least 0.80 are shown for all the wing-fuselage-tail combina-~
tions with fences. At supercritical speeds, the addition of the fences
resulted in increases of the lift-curve slopes and the stebility. The
effect of the fences on the drag characteristics was small. Drag at
congtant 1lift increased moderstely as was expected; however, the drag-
divergence Mach numbers were not significantly affected.

Iongitudinal characteristics of the L40° combination with a horizontal
tail.- Since the data in reference 1 indicate that the over-all charac-
terlstics of the wing with 40° of sweepback were superior to the wings with
h5 or 50° of sweepback, a more extenslve investigation was conducted with
the 40° combinetion then with the 15° or 50° combinations. The longltu- .
dinal characteristics of the 40° combination with its best fences were
determined with the horizontel tail at several angles of incidence at each
of several tall heilghts to esteblish the effectiveness of the tail as a
longitudinal control for the configuretion.

The results of these tests are shown by the 1ift, drag, and pitching-
moment data in figures 38 through 41. These data show that the addltion
of & horizontal teil to the 40O° combination had only small effect on the
1ift and dreg charscteristics of the combination at most Mach numbers and
tall heights. However, the pitching-moment curves were more nearly linear
with the tall on than with the tall off, and the Ilnflection 1ift coeffi-
cients were usually higher with the tall on than with it off.

The tail contribution to stsblility can be expressed by the following
equation:

ac

N 3
K}En;] - Ty e ‘lt‘I‘< -—€->+orrt—-—)
t w+f

where the expression_ (de/dCL) represents the variation of pitching-
moment coefficient due to the tail with the 11ift coefficient of the wing-
fuselage couwbinations. This parameter is related to the increment due to
the tail in the stability of the complete model by the expression:

<§0m - _Bwyf <- ;)
dac £ alw+f+t dac
w+f+t

The effective downwash angle €, the tail efficlency factor nt(qt/q), and
the ratio of the isolated tell lift-curve slope to the lift-curve slopes
of the wing-fuselage combinations at/aw+f} were computed by the method of

NTIAT,
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reference 6 using the wing-fuselsge force data presented in figures 38
through 41 and the isolated tail force date presented in figure 42. The
results are shown for several Mach numbers and tail heighte in figure 43
as functions of angle of attack. It was assumed for the computation of
downwash angle and taill efficiency factor that the Mach number at the tail
was the same s&s free-stream Mach number. The results of these calculations
show that the higher inflection 1lift coefficients attained with the taill
on were mostly due to an incresse in the factor &t/aw+f with increasing
lift coefficlent in a menner which tended to offset the reduction in sta-
bllity which occurred for the wing-fuselage combination. This was gen-
erally true at gll Mach numbers. The varilations with Mach number of the
isolated taill lift-curve slope, the tall control-effectiveness parameter
dCp/dit, and the various factors affecting the stability contribution of
the teil are shown in figures Uik, 45, and 46, respectively.

Effects of tall helght.- The longlitudinal characteristics of the LOC
combination are shown for several tail helghts in figures 38 through L4l.
The effects of tail height on the lift and pitching-moment characteristics
of the 45° and 50° combinations are shown in figures 47 and 48, respec-
tively. Increasing the height of the horizomtal tsil from O b/2 to
0.07 b/2 usually resulted in small reductions in the inflection lift coef-
flecients of the varlous combinatione. There were no significant effects
on inflection 1lift coefficient with further increases (up to about
0.20 b/2) in tail height. At comparatively low 1ift coefficients, both
longitudinal stebility and the 1ift coefficient for balance were increased
slightly by raising the tail. These effects were probsbly due to inereases
in tail efficlency factor nt(qt/q) resulting from moving the tall from
the fuselage center line to a position gbove the fuselage. The effects of
. raising the teil of the 40° combination on the factors affecting the sta-

bility contribution of the tall are shown in figure 43. Ralsing the tail
resulted in increases in the rate of change of downwash with angle of
attack; however, this destabilizing effect of incressed tail height was
more than compensated for by increases in tail-efficiency factor qt(qt/q).
Filgure h5, which shows the tall control-effectlveness factor BCm/Bit as
a function of Mach number, indicates at a Mach number of 0.80 and an angle
of attack of 4° about & 33 percent increase in control effectiveness
resulting from an inerease in tail height of 0.20 b/2.

Iongitudinal characteristics of the 45° and 50° combinations with =
horizontal tail.- The longitudinal characteristics of tae LHC and 500
combinations with the best fences and a horizontal tall are presented in
figures 49 through 51. A comparison of these data with the tail-off data
(figs. 18 through 20) shows that the horizontal tail had sbout the same
effect on the 45° and 50° combinations as on the 40° combination. The
addition of the horizontal tail had only small effect on the 1lift and drag
characteristics of the combinations at most Mach numbers. The pitching-
moment curves were more nearly linear with the teil on than with the tail
off, and the inflection 1ift coefficients were usually higher with the tail
on than off. Figures 35 through 37 summarize the results of the tail-on
tests on these combinations.




16 NACA RM A5h108

CONCIUSIONS

A wind~tunnel investigation has been made of three-wing-fuselage
combinations, with and without a horizontal tail, having sweptback wings
with NACA four-digit thickness distributlions. Tests were conducted with
the wings swept back 40°, 45°, and 50°. The followlng conclusions were
indicated:

l. The additlion of multiple wing fences to the wing-fuselage and
wing-fuselage~-tail combinatlons eliminated large changes in longitudinsal
stabllity up to 1lift coefficients in excess of 1.0 at low speeds, an
improvement of as much as 80 percent over the values wilth the fences off.
At high sub¢ritical speeds, the addition of fences eliminated large changes
in the stability of the wing-fuselage~tall combinations up to 1ift coef-
ficlents of at least 0.80, an improvement of as much as 60 percent over
the 1ift coefficlents for instabllity without fences. :

2. The fences had little effect on the taill contribution to
stabllity.

3. Adding fences to the wings lncreased the drag of the conmbinations
moderately at low 1lift coefficients, but reduced the drag and increased
the 1lift-drag ratlos at the higher 1ift coefficients.

4. The Mach numbers for drag dilvergence of the combinations were
increased slightly by the addltion of fences; however, the corresponding
diag coefficlients were higher then those at the divergence Mach numbers
of the combinations without fences. '

5. Increasing the height of the horizontal tall as much as 20 percent
of the wing semispan ebove the fuselage center line had only small effect
on the tail contribution to stability.

6. The all-movable horizontal tail had nearly constant control
effectlveness throughout the 1lift range at most Mach numbers and 1lts
effectiveness at a 1ift coefficient of about 0.40 was not significantly
affected by increasing Mach number.

T. Increasing the height of the all-moveble horizontal taill of the
4O° conmbination from the fuselage cenmter line to about 20 percent of the
wing semispan above the fuselsge center line increased 1ts effectiveness
ags & longitudinal control as much as 33 percent at low values of 1lift.

Ames Aeronasutical Iaboratory
Nationsl Advisory Committee for Aeronautics
Moffett Fleld, Calif., Dec. 8, 195k
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TABLE I.- FUSELAGE COORDINATES

Distance from Radius,
nose, in. in.
4, 0
1.27 1.0k
2.54 1.57
5.08 2.3
10.16 3.36
20.31 L4, bk
30.47 4,90
39. k4 5.00
50.00 5.00
60.00 5.00
TO.00 5.00
76.00 4.96
82.00 4.83
88.00 4.61
94.00 Yo7
100.00 3.77
106.00 3.03
126.00 0

é
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T e

iy
™
Sweep axis and €/4 line
4 /
e x
Sweep axis and ©/4 line
[
+/__ 670 L
T =ayal 2
4 /7/
s y ¥
I 5 15.08
- - /'—-
/ ; . 7 * \,é —fS?Ol
— Cr ' c.g. — [.90
[3.40
7042 46.32
I

— +

126.00

See table I for Hinge axes
fuselage coordinafes 1 /—z J—

—_— IO 60
< S e S —— jss:F_L

Geometry of the wings
A A : b/2 Cr ct T X ¥ z S ay for a=0
40° 7.00 0.4 |54.61|22.29| 8.92 ] 16.56 | 25.35 | 2340 | 2.28 592 o°
45° 6.03 0.4 |50.41[23950| 9.56 | 17.76 | 27.76 | 21.60| 2.28 5.86 -.05°
50° 5.04 0.4 145.82(25.98]10.39 | 19.30(|30.13 | 19.64| 2.28 | 5.79 - 10°
Notes:

(1) Wing sections perpendicuiar to the sweep axis have

(2}

(3)

NACA 00XX thickness distributions combined with
an NAGA a= 0.8 (modified) mean line, ¢, = 0.4.

Horizontal tail sections perpendicular to the sweep
axis have NACA 0010 thickness distributions.

All dimensions in inches and areas in square feet.

{a) Dimensions

Figure l,— Geometry of the model,
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(v) Digtribution of twist and thickness ratio.
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Figure 2.~ The spamwlse locetions end the chordwise extent of the wing fences,
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(a) Model mounted In ‘tunnel. (b) Roughness at 0.10 chord.

Figure 3.- Photographs of the model.
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Figure 4.~ The effect of a single wing fence at various spenwlise locations on the longitudinel

characteristice of a wing-fuselsge combination having & wing with 40° of sweepback and an
agpect ratio of 7.,00; M = 0.417; R = 3,600,000,
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Figure 5.~ The effect of two fences at various spamwise locations on the longltudinal character—
lgtices of a wing—-fugelage combination hsving & wing with 40° of sweepback and an aapect
ratio of 7.00; M = 0.417; R = 3,600,000.
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Figure 6.~ The effect of three complete and three partial—chord fences on the longitudinal
cheracterigtics of & ving—fuselage oombination having a wing with 40° of sweep'bs,ck and an
agpect ratio of 7.00; M =0, ll-l"{, = 3,600 000,
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(a) Camplete—chord fences.

Figure 7.— The effect of four complete—chord fences and four partial—chord fences on the longi-

tudinal characteristics of a wing—fuselage combination having a wing with L40O° of sweepback
end an agpect ratio of 7.00; M = 0.%17; R = 3,600,000,
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(v) Partiel-chord fences.

Figure T.— Concluded.
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Figure 8,— The effect of four fences of varying chordwlse extent on the longltudinal character—
letice of a wing—fuselage combination having a wing with L40° of gweepback and an aspect
ratio of T7.00.
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(b) M = 0.80; R = 2,000,000,

Figure 8.— Concluded.
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Figure 1l.— The effact of three and four fenges on the longitudinal cheracteristics of a wing—
fuselage combination using e wing with 45 of sweepback end em aspect ratio of 6.03; M =
0.417; R = 3,900,000.
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acterigtice of a wing-fugelage comblnation using a wing with 45° of sweeprback and an aspect
ratio of 6.,03; M = 0.417; R = 3,900,000.
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Figure 13.— The effect of a single fence at various spamwise locations on the longitudinal
characteristics of a wing-fuselsge combination having s wing with 50° of sweepback end an
aspect ratio of 5.0k; M = 0.417; R = 4,300,000.
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fuselage combination having a wing with 50° of sweepback end an aspect ratioc of 5.0k;
M=0.41l7; R = 4,300,000,
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Figure 15.- The effect of three and four fences on the longitudinal characteristics of a wing-
fuselage combination having a wing with 50° of sweepback and an aspect ratio of 5.0k;
M = 0.417; R = 1,300,000,
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lstics of a wing-fuselage combination heving a wing with 50° of sweepback and en aspect ratio
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